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1 

CtiffFft*<DfSH] 

ansa 1 ] WRticBtitzntz?- btmmt, 

Mm?-btmmte, -<o&m, mmRtf^v=ty^ 

<o, wm-v&m, mm, ^v^yRxfrnm^tsr^ 
rmtz^tz c ^stiff £-r3¥«ft$iBo 

mm±^vrm^ mz-v&m, mmRtfmm*^ 10 
tyc £ stiff ^sfif*« i Kmmo^m^mm. 
[fi**3] mm-v&m, mmRz^yv^y^n 

^tlM, ORtfS i ^ LTMIBiSBIW^IlOffl^^M, 
S i,0 aitx>0fiOy>0) tmZLtct^^ 
0. 2 3^y/ (x + y) ^0. 9 0T?&3<: & Stiff 

S iyO (fibx>0lOy>0) tm&LfcttlC, 

0. 2 3<y/ (x + y) ^0. 3 0-?&&<l i:Stiff 20 

t? mmm 1 KfBfWsiftigBo 

0, S i fttf N £ LTMiBTgP^ 1 ; THOlMSMx S 
iyON (§Lx>0lOy>0) tmULtct SIC* 
x/ (x + y) ^0. 1 0T-&3<l£Stiff£-r£ff5R 

« i imm<D¥mfamWo 

3 £ £Stiff £f 3!tS« 1 tcf3«©¥>»ttSlfio 30 
gS#tmi§**IiSffi^-r sis £ , 

mmfamfr^v?y*mzmmmmmwmM2#T 

-y v 3 y#w©s»^§is^l-&xg t , 

mm-y v n y^mmmmmMz?- bnmt %m 

imMm 8 ] mm^mmtym-eh zzt sti ff 

t? 3ff 7 {CiB«©^®frSHC)®5g^?So 40 
9 ] MBia§W§iS«r SXSJ; D fetu 

mmmm±K, *yv^y, mmRrsmmm^mm 

SX@£, MIB^««t#Sti§luiB-©^«Stu 
•T 3Xg£S#t?c: £ Stiff £-T3«« 7 KfB«©¥ 

aiftSSB^iagm, 

[f»*«i0] MiBa^w^MS^-r^xga, M 50 



tiH 2 0 0 3 — 8 0 1 1 

2 

ib-o^m tmmm^mnt s#t?v-x-/u *— 9- 

WftCV D&fc * ^MBKIfWiiSK^-f 3X§ 
S#ty<: Stiff 7 

Dfegfll 1] KffiSERWJSIS^JS-rsXStt, tt 
IB-^MS#t?V-X7°';*— MIBeItSO^K 
S^tyV-XtfT. £Sffl^fc C V D&KJ: DtGSBRBI* 

mmmi 2] t»EKBi«*iit*«rirr*xs«, m 

§Bm£©»«S#t?ifBJa^Mf3-©£MS^t?£- 

y>y hsja^fc p v vmc&vmftihmnmm&f$,t 
s»ffiWM«s«ja"r § xs t , 

^s^i-sxgfcsmTv^dtstifft-rs* 
mMm 1 4 ] BuiBSSi**)is^fi!c-r ^xgj: t> t 

tut, MIB»«±t, i/ijnx ffiRfttf 

MiB^stm^M^MLTMasfT* ^ xg«. mm 
mmc^n^yv^y^msMmnmm^KUB.t^ 

Silt, WE*««*J»K#*n*«dE-©*IB*i» 
*»^SBOffiii^S 0 

IB-©^K^7]<*^S#t?V-xy'J 9-SfflV^fcC 
V DffiK J: 0KHE?S»WWl«*^*rsxS«^ty<i 
Stiff t-r3ff*«i 3tc|B«^*#gBOSig^ 

IB-O^JSS#t?V-xyu*— Tk^S^tfV- 

f5XgS#t?C i Stiff fcTSait*«l 3K«B*0¥ 
##:SB©^5i*So 

^s-g-t?#HMfpi?Huie-o^ss-&ty ^ -y hsffl 

i/Xfc P V D jSK«fc OI(HEJffiBI*«BS^-r«^S*# 
tr c Stiff 1 3 fclBB©¥iM*SI!©a 

1 8 ] fm-<D&mi*"7-VhXlZi?)^ 
^AT'feSC i: Stiff £T5i8*Ji7Xfctl 3tfB« 

DMMf l 9 ] MfBftSI««^ L TWIStf ft 



3 

3 ^sdinmraQ^ftaflrr « c 1 1 * o 

3S<«7X«:i 3 k:ra®¥JMMoaBeDGf& 

c 7 X 

« i 3 tcie«©^»#sa©sii^?So 

[§1*312 1] «fflBaa«W*ilfc»bT»«H*ff* 10 
5 Igfcfcl* %m&SM&& 6 0 0 °CJX±fiO 8 5 0 °c 
&CFX*$>ZCt%mi£'?%ffi&m7Xi3.1 3fcfB«© 

«©ififiR*M, S i y 0 (itx>0iOy>0) fc^SB 
T^6. 6 9 • y/ (x + y) +7 4 9. 4T?3&5Cfc 

*m®£?zm?m7wzi 3(cc«©¥«fm»ott 20 
or&h 2 3 ] Miey- h«s y 3 

y/(x + y)^0. 3 0"Zfft*Ct*W«frSIII* 

a 2 2 Kie«©¥gf*gH©SBe;fr&> 
ns*si 2 4 ] Hutey- hwiiti^ #;py- f*«t? 

7X813 EE«©^NIfl«ffll«D«BS*ffio 30 
[000 1] 

[000 2] 

[^*©s«] ^©^^^fgfcfettsifsaftRt? 

J«MbK*M-*fi8IBtHKffV\ MO S F E TOSS* 
*^t»6nrir^So MWc#^y- F&RKaftflSfc 

|C % M7^A#*1M F (H f Oz ) Jf»S^;l/3 - 7 A 
F (ZrOt ) »©«iW**m«fflV>fey- 

hwm (jxt, high-ky-nswifcfiJ-rs) tc«t 
Ds n^s 1 Oz sum gmt, Eo-rm?& * 

[0 0 0 3] (M*tf!«W2000-58832^«k:jE«*tlT 
V^^*©high-ky- MftB«©^^Stt*©il ^ -P 

£f\ S/'Jn^SSLhtS i0 2 J|$©£ft:1MI 50 



«rW2 0 0 3-8 0 1 1 

4 

*3&JBIi*3S»f3o *©tl, K&SiHd&bT, M 
AtfNO*©3SfX*ffllr^iei{b5!!a!*fjaoT, 
S^BMt^a-^A (Z rOxN y ) Xfi^S'Mt^ 
— (HfOxN,) «fct>fc*higMiy-F»»it*J& 
$f 
[0 0 0 4] 

[^H^fg^L<tdh1-SffSS] LfrL&tf^ $*© 
high-ky- F»«iC*V'»Ttt, t»5g7n-feX*©^M 

frt3, ^(Dhigh-ky-hi^^©^«ttaT+^ 

[0005] iwbk«*> M^imw&im 

[0 0 0 6] 

BM*J*8W-<5;fc«>©¥a] MfB©§ W^M^f^fc 

y-Me»Rfc, y-Miiiicii^ti/c^-n 
stwu y- hmmmz, -<o&m, wmmw 

[0007] *mm<D*mfommic y- ho* 
p-bxtfi©«ig5!ia cmtf 9 0 o°css©TfM§tt 

C©fc#\ ^i©^ftS»Cfe^Ts ftK 
*$H<D^:g|5^T ; e;l/7 r x«ttBfc:«fen*©t», hi 

gh-ky- vmmmKv -tmffitfs.vzc twit? 

5o «oT, high-ky- htft»BI©«tf^tt*i<lfll±"r 
ic, *#^S©^igtc*3lt^-/n-trxv-^>'^t 

[0008] *m}<D¥mmmK&zt, y- 

*nic * o xy- h®Bm±mimnmm < t 
[0009] *mi<o¥9fi&mc.iB^?* y-htm 
u m±m>w7miz. -©^s, wasRxfsm&tsts 
[0010] c©<fc5tcir3i:, y-F«s*m^ k 



(4) 



2 0 0 3-8011 



^zrctb, ±^VTm<Dttmmm^m<xt. znic 

[0011] *%mv¥mwmwicis^T. -©£«, 
mmRrs^v^y^tL^nu, orxis i thrum 
nmm<DMi$,*M* s i y o aiLx>ofio y >o) t 

mZLf£t1*\C. 0. 23^y/(x+y) SO. 90 
X$>%££tftt*Ll,\ 10 
[0 0 12] £(D£5icir%t, high-k^f- h§&»9 
itfl*^+^%^A s ?>, 9 0 0 "CgKOSMldlt 
LTfehigh-ky- h*6IUI©$^£1t£»llfc:«o;: 

[0013] *ftw<D¥mfommici3^T. ~<o&m, 
mmR^yv^y^n^nu, orxss i thxmm 

**II©fflf&£M» S i y 0 (fibx>0fiOy>0) £ 
mMLTcttlC 0. 23<y/ (x + y) SO. 30 
X$>%<l£iW}%Li,\ 

[0014] iioidt-rsi:, high-ky- hmmm® 20 
«^tt^*+^«-s^*^. 9oo°cgjecoMat 
^LTthigh-ky- hmmmomm^mmmmicU'o 

[0 0 15] *$mi<D¥mfc%Sfc33^T, -<D&miz 

^v^yRximm^n^nM, 0, s i &tf n t lt 

Tffi'V) 7m<DMf$,%M, S i y ON (fi L x > 0 jao y 

>o) tmmvrcttic x/ (x+ y ) ^0. 10-e 

[0016] <i<D£o\c-?%t. T^vrmotmn 30 

[0017] *^©¥#ftgtt^fe^T, ?-hnm 
it * 2 )W- h m@x feoTut\ 
[0018] #?§HjM3fg 1 <o*wvmwvwmft& 

MmmmzBj&tzxmt, mmnmmtettLxmym 
?ctK&K>, mm-fr e> *s y 3 >«mmw 

*tSg«*«r^U n y#Wif §§«*§M$-f 3X@ 
WI*»riW-*:CBfc***.TV'»*. 40 

[0 0 1 9] m 1 «D¥aM*atii©«!Jfi*ffifc«t« t. ft 

T^yay#WSSf*^li©^fc5Wtt?o ccx\ is 



§ 0 ^©*§ji, ^yay#^s§mw&#-rsy-h 

f&HH. "3* D high-*?- HfiWIfc y-^&^U 

tot, high-k-y- hmmmom 
-isyfckZ < -r § c t 

[0 0 2 0] £ l ©i|£|Ht4WO«S#ttfc*J^T, m 

[0021] <i<D&o\z.~fz>£. jsmwflifK^ya 

[0022]Il ©¥#ftSB©Sjg^tC*5^T, ft 

wt*n*»ia-rsije«tDt)i(»c, s«±k. ^ya 
g^tffiff^©^«^ty«5^*^^'rsxg§ 
mmmmmicHLxmsm^n^oxm^ mm 

ifff|**!itc#^n§-©#*^»Mcf^ffiiSf$ 
c tic J: DTSff^y 7JI»&-f 3XS££#£?<i 

[0 0 2 3] £©<fc-5k:-f3^ SRWHPPfcS'ya 
[0 0 2 4] m l ©¥SM**e*©«jeD6ftefc*^T^ « 

#t?y-x^y 9-*ffl^fcc v d »k: <t DSK*^ 
[0 0 2 5] C©<fcdlc-TSi:, ffife<DWRfr£tsmi 
[0 0 2 6] fg 1 (Oi|MW*aai©»Bfi*StCfeV>T, k 

D «fc 0 ©K*^!i*BfiSc-r ^Xg^-^ty c t 

[0027] <KD&5\c?%£, im<D<von%$tsTim 

[0 0 2 8] m 1 ©¥«^g«©M}g^a^fe^T, k 

[0 0 2 9] <i©J;9ti:-r§i:, 0fS<DftK§fr«JfflB 
[0 0 3 0] 2^Wt«SS2©*W*«II©«JBE«rt* 

m%B$.?&rm£. mmnmwucmsx&nm&ftft 



(5) 

7 

coo3i] m2<D$m#&m<DWBj3&K&&t, tk 
x. mmmmmfrt>7m*jwmz#%z 

=m*8i«*M©*!&fctfJitr. cct, ^yn^^rffi 10 

•J-eSSo lot, high-ky-h^M©iiWg€14^ 

[ o o 3 2 ] « 2 mmmmommxmKis^x, m 20 

X »Rt?zl^*fttrt6lilll*«riW-«lS*fll*, 

tic £ DTW/ty r«*»*r*ijBfc**trc 

[0 0 3 3] C®£5K?5t, jnMM^^ya 
tt-> 'J a y««WWi#«i:«lE2:«<Bfrr* £ ££K 30 

mmtmv&m%%$nt%££ij i X'Z2>rctb, tsp^u 
rm<Ditmm^'S<x^, znK&ixf-hmmm 

[0 0 3 4] Jg2©¥WftSB©§8t73?££:}3^T, ft 

-xyy u-*fflv»fcc v dsk: J; OKI***!!** 
[0 0 3 5] c©J;5k:1"S^ 2h*^trlSR«*BI 

*a^Kjgjai-*jifc*<Tf**o 40 
[0036] m2<D¥m#mwcDmmfi&Ki3^x, n 

[0037] <i<D&5Kt%t, Acm^tsmmn^m 

[0 0 3 8] £2©¥*fl»©SBBraSfcfcV>T, W 



WM2 0 0 3-8 0 1 1 

8 

[0039] ciD&sicirzb, 7m*^tsmmnmm 

[ 0 0 4 0 ] $ 1 X«Jg 2 ©¥«ftSgB©SBi?>S« 

[00 4 1] <i<D&5tet%£. isvuy&mssm* 
[0 0 4 2 ] m l XBJg 2 ©¥liftSB©§!^i£^43 

[0043] tv&stc-t&t, 7-hwmmtmm 

d ttfXZZrctb, ±gP/*y 7JR©Jfc««**?S < 
[004 4111 XttS! 2 ©iNWl^HoaBKfrSfcft 

[0 0 4 5] c©£ 5 ^-h*S*m£i«^ 
fc, ±aJ/^U7 , «tlc, «IS«*Jii:IH;&lil«^S** 

c i: -e 1 5 fc«>, ±as/< y r^©i:bsiii**ft < -e 

[00461 ^1 2 ©^«»^B©^ii^ffitce 

v^t, &mnmmcttLxtmm*fi%:5xmici5ttz 
mmmi^&it 6 0 0 °cw±a-o 8 5 0 °mfxh set 

[0 0 4 7] c©J;5li:-r§^, SWWSI*»&3fS© 

[0 0 4 8 ] m 1 2 (D^mwmmtommism^ 
^x, -<D&m, mm&fr>V3y*%ti?tiM, or 

O (fiLx>0MOy>0) fc^E-TSil^Kajfi^n 

•fext?©»sag«T ra tmiLrcttte, 

6. 69 - y/ (x + y) +7 4 9. 4V%>%<-ttfW- 

[0 0 4 9] ^©jca^-r^t, S/ya>^WKBWI* 
ll^W^^high-k^- htt««©J»«efgtt%5eiK« 

[0050] c©»^ % y-h*®i>"j 3 

«J:0*t>> y/ (x + y) ^0. 3 0X-&ZC biffi 



(6) 

9 

[00 5 1] Z.<D£5\C-?%£, 

[oo52]^i xam 2 <DsmfmW<OW&f3&Kl8 

^x. y- vnMx$> k> , mwa&t 

[0 0 5 3] COJ^JCfSfc* S"J 3 
[00 5 4] 

mwvnffivBmi en i ©uss^io wt, 

©SI l ©JQfigftfcff S^HMHHk HftWUiM i s 

[oos5]Hitt,si o*aBe«fc«*¥»***ai 

[0 0 5 6] 01 t^"r<fc5C, i/V^yWfcl 0±K 

f- tmmm i 1 itftvxv— vnm 1 2 jw&sstrc 

i^3o Sfc, S'Ua^lHRl Ofcfctf-sy-FWIl 2 
©ffifMctt, V-XliXSFL'Yy««i:§§« 20 
ttfAl 3jWBj£SnTV*, y-HfiWSl ltt, 16 
JW^*IMk ! »<fcD«:«ifflBS«*ail lat ffiffitt* 
HI 1 aOTflfcfcJSSnfcTW/tUrill lbt,* 

itwi 1 ao±*fc»**nfc±*/^y7iii 1 c 

[0 0 5 7] iSSItt^JI 1 1 alt ilfc^Jt 

wewtwo/N^-^A***^ f (Hf o. ) 

*1MF (Hf. S iy0 2 (tlx>y>0) ) 

jsssnrv^So s/u avlts 1 0 ^s§«*i 1 30 

1 afc0R**K±-r*"FW/<yrill l btt, 08* 
ffififtttlt 1 1 a Fttff 1 2 £©SjS£lftlhf § 

ran 1 batf±»/^uriii 1 c ur§t 
-?&3o y-Fwsi 2 a:, m«yy^F- 

[00 5 8] ^ ffiR**§t 1 1 a#S**£A/T?V'T 

t sfc, y- hmm 1 1 ©ttawiawt 4 n m 40 

gSO«^, if 1 1 a(DWmmmmiZ2 nml 

iStfftO, TSP^yrSIl 1 bOftWIfttl nmS 

•e*?>* ±^yrni 1 cvvammmmizi nmat 
sfc, xmtiti 1 a, Tgp^yriii 1 b& 
t5±gp/^yrjii 1 c«^-rnfe7 ; &;i/7r7.^Tfe 

[0059] ^mmmmic^r, mmmmm 11 at 

&3Hf0 2 «K5'U3>*#StfJB!*tt, ffiffitt* 
ill 1 a©*lWSMtt^Ofea&T?**. s^SI*.ft 

s/y3>*$«yKii«*aii 1 a«. ^©iM 50 



4#M2 0 0 3-8 0 1 1 
10 

tc tfrfSJlft-e-f r*/V7 r xtfat©* smtsns© 

[0 0 6 0] 02 Hf O2 KffimtZi/Vziy (S 

i ) mt, h f 02 oymskVdimsLrmm^imm 

x\ m&itu&zmz. x*>m> (Hf o 2 ) ±w 

[0061] 02 ios^x, mmt. mmmcDH f o 
z K-grsns s i m^m. («Ts s i mmttw t 
im&{**©h f Oz ic<s%n%H f m^<Dm. (jxt, h 
f«tfc-rs) tvmctt-rzs i«a©jtx. (%m 
^) ^urv>5 0 -r&frts, wren (x, = (si 
mm/ (s isfi+Hfiia) ) x 1 00=0%) as 
i*^<#s*iavHf 02 «wsffi (x, = 
(s ligg/ (s iMS+Hftus) ) x 1 00 = 1 0 

0%) «Hf ft&t^S i o 2 *a*To Sfe. 

[0 0 6 2] 02^-TJ;-5tC, JtXi OJfttatfieo 
T, Of O^iQS i»(0tiMc^oT. Hf 0 2 (DfSfi 

Hf0 2 tC^ya^Jn^SCfctioT^ Hf0 2 <D 
%k&mn&i$mLX^< Z. £tft>frZ 0 :tUt Si* 
£tSW >X Si^WHfO. oSDHf^y 
y-hMm^r ; e;i/7rx«^ll«Fb^-r<^0> 

©iss, saaTefeH f o 2 M^ft^ B B B {bbt< < a 
oTr*7i'7r^tti8<D*siiWf*ns*»5-p*«o 
[0063] ncx\ mm&fe&ummti*. nto 

TRTP (rapid thermal process ) SgtctO 1 a t 

ic$s\,^xffimmKmM& v -tnm<omtf i &.v%iV>% 

feT©Sifi-eti, S i S*fH f 0 2 M*fflV>fcMO 

s i #*h f o 2 BHc*w-*jam««:^K©a« 

SSfefi*Ol"So C©i:t. C-V (Capacitance-Volt 
age ) jfJ^C&^TAccumulation (WW WMX*<D®M 

im&LXL£5m%, Mos*ws$<D®mnmt 

©SS-ett^ Si-&#Hf0 2 Hffil^cMOS^^> 

[oo6 4] itx. *7o%a±icrsi:^ si 
#WHfo 2 itojss^&KaTiffert^rxtt 



11 

<tfc23 %ix±&n&\ s i f o 2 na^uft 

L ft £ * tc£ C 3IS Afc34KfS&K£'?$ o T, M^ft t 
LTttr*;!^ r xW«8ft^EWefe5fcfe, 9 o o °c 

v»S*&«>, 7*;K77XKtgi:#aLTV>So 10 
[0 0 6 5] mZlC^T^^K, SiSfi/(S 

i*tg+Hf«g) X 1 00%X, [%]fc^Ef SfcJIc 

mm-fu-bxxmmT^^-fti-tx^cDwmt, s i 
^pth f o 2 micmfz s i mm<Dffimt*7K~?w.MT 

= 6. 6 9 • X. +7 4 9. 4tf*£StT*5o 

7a-feXjaftRtfS i»attT = 6. 69-X, 

+ 749. 4 «fc o &thij©®bt& set tf&fi-es 

50 X, ©fBO$DS itSHf 0 2 ©ffl 20 
^^foTV^i^ yn-frxggtis X> 

ntf&Bav*. smtc. 7o*x©«»afitfi*3:oTv 

ox, ©«£ t> £>*t&x, %tni9£Si«in 
£tlfcHf0 2 MoSOHf^yy-M«%aS?L&tJ 

ntfasav. 0 1 t^-r*niimio*««:SHo* 

Ji©*£, m®<D£5izs i ««*}*^r*«ft^ 00 

vmmm 1 i^^otfei^u y-h* 

5 1 2 ©»»**» LT^- htfilNff l l icfettsy 30 
- httff 1 2 fc©Wffifr5Tfil 2 n mgg©«HT?fco 
T&<fcV\, 

[0 0 6 6] 03 H2fcj|VrHflS (£g|*|g£) KS 

8«Bett«fiWP**Hf (X. ) © 

n-fe^««iafi* t 9 0 0 , CSS-e3&5»& (0l*.fcfltS 

SStfiH*r*ft*«:U -*««!ra©f§3«lLLTi* 
WS^tt^fiiOfci&Ktt, X. tt2-3%JULhT*«:ttnar 40 

[0 0 6 7] 04&, Hf 0 2 MKW®$%S iMt s 
Hf0 2 $©J±g§^fS£©M^£jjsLTV3o BUtCfe 
VT, ±©«mittS i»©i££&5> M$©X, = 

(s igjg/ (s i«g+Hf«g) ) x 1 oom 
(Hfiifi/ (s i«g+Hf»s) ) xioom 

TVS. Sfe, ifffltiHfO. HOHJWWfSLT^ 
So □ttit»WWs©ISW8*^LTV»So 
[0 0 6 8] H4t^f Hf0 2 flt©JtB§*¥ 50 



HH2003-8 0 1 1 
12 

(i, X. 1fi0%<D£1t (0$?)Si*i<t$^Hf 
0 2 K©fc#) !!flKrefi2 4T*JBS. Hf0 2 
H*©S i MtfMZ.ZKfc^Tim^m&M'PtZtf. 
X, 3 0 %J&»5 9 0 %ST©IBttlt8W»«fi 1 1 S 

m<Dmg-m<Dm*iim?Zo Hf o 2 ji*© 
s i»^ti^Tx. ^9 0%%i^5^ imnmm 

Xf&ZKWPLfaib, X. ^10 0%Ott (OtDH 
f VS i 0 2 H©i:*) » ttlllttfi 

3. 9fcfcS„ ftoT* X, £9 0%ULTK.?&C£K. 
<fc»\ WV&X-Sfcs X 2 £l 0%&L±Kt%C£lC& 
0 , ffl««lc* < Jlo££ Lfcit^«**#-r S H f 5/ 

[0 0 6 9] &LhiC|MlLT£fc 02~04^1-£S 
IHtCfcS^ ffi&fft*lltl 1 a (ffiKWBIl 1 agft 
fcftS-TiSgfWJg 1 1 afcTSB^UTJil 1 bfttf/ 
Xf4±§P^UrMl 1 c i««*^?ftft«lffifi-e 

fcfclctt, s/Uay^WHf 0 2 &*)%%&W&&mi 

1 afci5tt«X. = (S imm/ (S i«g+Hf*I 
g) ) x 1 0 0 tt 2 3 %&Jl 9 0 %WTfc»S*nS C 
£/bSfigT&S„ 

[0070] x, = (Si m&/ (S i tlg+H f 

woo ) x 1 0 o(4, nmwi 1 avmmn fx 

S i,0 (fibx>0M'Oy>0) fcgei/fcfc*© 
(y/ (x + y) ) xiOOiPBfPftS. Pltttx X 

2 = (h f mm/ (s i sg+H f mm ) x 1 o o 

(4, (x/ (x + y) ) x 1 0 OfcPliT&So $fc> 

x,Rtfx 2 as ijistH f asfccHffsaffe© 

T^S©T\ M^t^H f 5"Jfr— §{bHf-> 
U^r-hfcLTN^^TV5*&, «Vtt, C1J 
Rt?HfF©fa©7C*^A,TV^»^Kt>, X> RtfX 

1 *ffl^fctt±©tW!tt*»^**. 

[0 0 7 1 ] 05 tis H f o 2 ffltfcseta-rs S 

Hf o 2 ^©«^tt*^ (mwmmicmz £ t©b#m> 

k©Mff*3SbTVSo 0 5(C43V^T, ±©^tW(4S i 
»©i^i:^S, M^©X, = (S iSg/ (S iiig 
+ H f«g) ) x 1 0 0*j*LTV»3 o TOW® 

fiHfs©a^t*5x 2 = (Hftig/ (s imm+ 
h f mm) ) x 1 ootsim, $fc> tsm^H f 

0 2 fl©fi^tt#^^LTVSo Sfc, DtiHfO. 
«©fl«ttJMr©Sailt«*LTV^*. 

[0 0 7 2] R#:W(C(i, SBriE©SttSH f 5"J^-h 
|*£frrSMO S^r^/^>^©fe^^'9-y7 p ;V%fflicL 
T, T D D B (Time Dependent Dielectric Breakdown 
measurement ) IJfl^ff *5 CticX'O, 1 0 0 

ppm, mmmrn (mossd o. i cm 2 , mm 
1 oot, mummvc =-iv, eot (si o 2 ^ 

S^jp) =1. 5nm^5*ttT7, Hfixyy-h 
M©ft^«^tt#^*lt£bfcS*^0 5 fcjSLTV 
S 0 edT\ ^^^l/tfe^SH f i/V *r- bm<Dm 
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JSB\ Hf*ti^SiOi frZ S i £#$&t^H f 

0* ^©IBHTfSflrrs. f:fc, §ty^;WiPll 
«Lht«J««nT*0» S«£OVfcbTv^+X© 

[0073] &*>mmK&, TDDBKBBcffl^SftS 
#-9->y;I/©«aaiSiBaB4 3 x 10"' cm 2 *>55xi 
O" 5 cm 2 S"P©«H"e*t», IMiffiSO. 1 cm 2 

i&KiKiPtt i (D{sm&m$;=mmmm 2 ©<§«## 10 

(teb0tt7-f77Wit) fcisgEbfe. TDDB 

fcffifflbfco 1 0 0 p pm-e©€«tt#^ 

«i©MMS£®Sbfc„ TDDBKIfK? 
tt»tt«T*l V.J: 9 V. Vc = 20 

- 1 VT*©fflJBtt##*#«*«*£fcfci\ (Vc (TD 
DBMIfcBf) -Vfb) /Tph (ffibV f bti77-y 
h^>F«JBE> T p h »M6«BI^*OW1JWIO 
6#5n«* ^©WWE o x (real) tMjSTSfSiH 

[0074] wa©«sagKfe«fflv'>T#6nfcH 5 \cm 

tic*, t), H f 5/iJ fr- bffil©fSfltt#i%& 1 0*fMJLk 
fc&So B5tC*V»"r«^ *SOt#Eox (re 30 
a 1) KftLXs «fc0ffi«EEflK©«3Ktt##O«tS* 
ff&ofctSfcJfcwbfcAft, Cft|CfW.T, TDDBMffc 
B#©Vc i«C»LT, Xtt (Vc (TDDBKDWt) 
-V f b) /E0T«DSCfr6»5n*, ^»W*«HE 
ox (effective) fcfcfbT, «fc D »!EE«l^©flMWt 

[0 0 7 5] £CZX\ H2~H4K^flS*lC*S 
fc, «J«^ttfc^^Jtint*i:*«Blibfc*&, H 
f S/iJ^r-hJifci9»t*Xi = (S (S iffiS 40 

+ H f MM) ) X 1 0 0»2 3%fiLh9 0%ttTfcKS 

x. *3 0%JMTE*r*{:fcej;»), ®1!14*# 
$ U«B« 2 3 %ff± 3 0 %BlTfcftSo fib. V 7 
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h«BgJ««fc7 5 0 o CfX±©^®a^*v^n-lrX(D 

»&, fi«tt©**ass i rntf«fcv''©T», x, 00$ 

L^SgBfi 3 0 %WTK«:S. 

[0 0 7 6] 06(i, Hf0 2 HidSitrrs s i fit, 
H f O2 «©«OT^ttRt«gsBtti:OB8«*^b'rv'' 

[0077] H6k:^-r<fc5fcx S i £#tyH f O2 H 
«fcO&ShigJi-ky-htftltilK:*tt*«Bfi COX) Xtt 

#$bV*SHttT = 6. 69- X, +74 9. 4<fcD£> 

Tfl!l©IBHt?SSo £©£#> 9 0 0°co:/n-fexKia 
i^ic*v>rj±»W©*#*fefltfic1"Sfe«>K^ x 
, » 2 3 %a± 9 0 %wTtK£«na»tnfcr & 5& 

^tt©#*SK»rntf&<* x. tt3o%w"Ffc» 

S i ONfC^Thigh-kW^y-MS^TO^b-r 
fffl«tWcPo 1 y-S iXttS i Ge**y-> 

toZTctb. T = 6. 69-Xi+7 4 9. 4<fcD?>T : ffliJ 
X*$>*)B.-oX> tt3 0%WTT?*S«H* t »SbVo C 
©£*, yn-trX*iS?aa^9 0 0°Cl?fe^i:-r§^, 

x 1 «23 %w± 3 0 %erFfc«£* n & nif a 5 a 
V\, 900m y-x««, KW^jWRBI 

[0078] &L±\cmW bfcfc Si ©HBBBJBfc 

.tsfc, y-M^ni 1 *«^-r§iiSi**M 1 1 a 

tf©^ia^!l3lti:i;oTSII«*Ml 1 atfttE«WfcfSt 
Ts iS^W^Ml 1 a©*«|5»*l«r*;l/7rX«nltfic 

r c ns©^ y-H»ttiti io$Dhigh-ky-Mfee 
1 u - ^ wi c 5 c t ^»jT't 5 o Hot, y 

[0079] sfc m 1 (onMBmiczzt, ?- m 
mm \ ncmfzusmnrnmi 1 a©Tffl!i{t. 
y. 3mjkxsm&t§sts~mrv)Tm \ 1 bjbwrs 
fc*, &mmmm 1 1 a ts/u 1 0 t««a&r 

SCi*B5±Tflr«o oCT\ TaP^Jrm 1 btt. 
lemWSl 1 afC©iltJ:oTi"j3ylil 0*^ 

iWk*n*e:fc%i»±br^*o i"&*5 s/ya^as 
si o©sffit, s i o 2 Ktraga©ttis«*%*-r 
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*mteMtMsm£LTm&f£ti&£, f~ mum 1 

[0 0 8 0] Sfc, fg 1 ©HSiMtJ;^ TS^u 

7§u 1 be, mmmmmi i a t mc&K. mmic 

©JtW^ilS©^ 'J n ^SflawtKfcJt^TS < X 

TSP^UTIil 1 bt*5t/^T>'Unytc^LT^7- , > 10 
A% 1 0 %fiLh*A'r * (Of t>Xz £10%) C t £ 
<fc0, "F*/* Drill l b<DJtK«*«as»tt^:#< 
■f« fnt^LT, H4t^r«fc9^ 

WJ711 l blc«rt**s/U3yd*r«(«**<a: 
O-T^Si: (HftWfcitiX. £9 0%T**Sfc) , JtR 

mwiaitffiTr*. f&fri3> T^uriii 1 b 

fcfetfSH f m&%Xz = 0%fr6^L7*fctt< LT& 
< c t tt % y- MftftK l l £ft© eot %{ffi$-T£ c 

[0081] sfc, tg i (ommmmK <ts ^ y- h*e 20 

SRI Hcfctt«*B§W«8l l aO±«K±9J/^Ur 

hi 1 c *«#ffi-rsfc«>, y-h*ii 2*©*m c* 

H»i-eH^'Ji/'j3» ASf«$ll(l 1 affJ© 

m<D{&T*wmx%% 0 ll^ ±sp/syr§ii 1 c # 

Jtl 1 afcRIU/V7-*i*£d«Jtfclc,J:!K ±95/ 
7111c ©JtR**£ft < ^ntc <toty- h 30 

ibttR 1 1 ±w<DktMmmzm< ? s c taw 3„ 
[o o 8 2] si i ©^miic^t, Kff«*si 

1 1 a (JRRttMg 1 1 a attfcftATiWBWMS 1 1 
afcTW/OjrBIl 1 bRtf/Xtt±^Urj«l 1 c 

(S i»g/ (S iMS+HfgS) ) X100fi2 3 
% W± 9 0 %J&TFfc«J££ tiS C £/b« U\ c ©* 
isS§**§£l 1 a©JfcRtra*»<-C*S 
fc&fe, 9 0 0 rgftOjIMBlK^ LT &^S§*«I 1 

i a <Dmgkit*WMLT%.mmzm®Ltc v-^mmm 40 
*o*i»±Tfi?*o -ratJ-B, y-M6wm Kottmrn 

icfetts x, a 2 3 %jm± 3 0 %aTK»^«n« c £ 

*<*5lc»SU\ £©£5&cT3£, ffla$©3ft*£;ta 

x.t> mmmmmi 1 a^soy-Mesum 

Xi £30 %J^T£!S5£-f SfcttT\ y-h 
1 1 ©JtRWfttfm£tt^*+^5*# 50 
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p., y- Meant 1 1 ©is«£j£ttt>»oc: twx% 

[0 0 8 3] Sg 1 ©S&fiBBffifcfc^T. y-M6 
SIS 1 1 %«J#T&i«li*^TO£LTH f Oz 

Cftfc:ft;LT\ Z r 0 2 , T i O2 % Ta 2 0s, 
L a 2 0 3s C e0 2 , A I2O3, X«B ST WZL. 

V\ «^tt» Hf> A l y 0 2 (§Lx>0flOy>0) 

fc * 3 38^JB«{fc«|lc S i m?1fi£& ftTc&mis V >T- 

[0084] sfc, m 1 (Dmm&micis^T, t^v 
rmi 1 bRxfjjfrvjrmi 1 c*RB-fc*v. y-h 

ttffil 2©#fi^©SS3fc:«fcoTtt, TSP^UrMl 1 
bRtf/Xtt±aP/^Urj|tl 1 c*RW-ft<Tfc<fcV\, 

[0085] sfe. s 1 ©n«0g«uc*^T, y-h* 
@ 1 2 fc lt^u w^vnM%m^rzi)\ ctucftx. 

T i Nmt A lM^O«SM CFJitfT i NM) , 
Tali, T i NHX&T a N)l^©^JlH<t 0*^> ^ 

fl^tLTT i NMX«T a NH^<D£JWg£ffl^ 

[0086] (M2 <Dwmm WT^ 2 © 

[008 7] 07 (a) ~ (c) Stf08 (a) ~ 
(c) tt % %2©l^jfiK:«S^^ra©«ifi^ 

[0 0 8 8] S-f, 07 (a) <fc 5 fc. p^>U 

3X100) SS2 0±^ H^KIfiRil 

y«« 2 0 ©SiBlcWLTaWtR C A«fe»Rtf*JRH F 
ffi&Zft&So ^©tS. 7 0 0lC8S©iajrFT»NH3 
^xm « 0 . 7 n m@g©i/ U 3 yg{b${fc$£ 
(SisN*^) 2 1A^'Jn>l«2 0±£lJit 
5o C<Dt%, S i 3 N 4 Bi2 1 A*PKlZ7mtf-t-ftKm 

<ot*n%> 0 s isN<Bt2 1 Mtmnmcf^v 
rmz 1 (07 (c) m t^§o 

[0 0 8 9] ^JC, 07 (b) £*1-<fc5fc:, A7r>> 
A*^tyV-X^U*— 9-*fflVfcCVD (chemical v 
apor deposition ) at<fc*3 % ff£ 5 0nmggOA7 
-VLttV-C F (Hf 0 2 ) K2 2A*S/U3>SS 

2 0±efc#r*. «ftHfy-xi»*s 

Hf-t-butoxide (C« Hse H f 0< ) * 
IC> ^^U-V^JXTS^g* (Nt ) JiX%m?Z£K 
ioT> Hf-t-butoxideWJ^St 
THf-t-butoxid e^mt^?>o ZLX, 
mtLtcU f-t-butoxide =&#t?N 2 fix 
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ymmo o>x>\) tmmztiitr* y^-^mt 

Lt&&t>s SOCCSfiOiaSrF^RTCVD (rapid 
thermal C VD) ftJSfcfffcoTH f Oi St2 2 A£J£ 

[0 0 9 0] £©£#, SisN ( l2 1Aa, ^ffciW© 
0 2 ^iCkOKtShTS i 0NSI2 1 B£&3o S 

1 ONSI2 1 Bf4, •>U3>li20i:HfO ! SI2 2 

a fconioa&ftisjk-rs^y 7tt%#-r§ twic** 

tg20±&CS 1iN«M2 1 A*»J*bftH, Hf OiK 10 

2 2 A©«^KS i 3 N«St2 1 AfcttfbLTS i ON 
§12 1 B*Jft*L-CV»*tf* S i 3 N4l!2 1 A^^t" 

Hf0 2 «2 2AO»iai(ttC3/U3>'«E 
2 0 ©SB* NzO^fX^ffl^T^ftrSC^tCfcO S 
IONI2 1 B*itt8B&8LT«>«fcV\> 

[0 0 9 1] 07 (b) fc^flgfcfe^T, H 

f0 2 H2 2 A*fC{4, HfV-X^C^n^m 

(H) 3^i«JfcJR»)CSftSo -JSk H f V-X*£# 

sns** (O ^fb^joo 2 *rxKj:Diifb«n 

TCOX^COa J:&otfty/ , !-W5iI«ft 20 
*o Sfcx f-*^— rtfctix H f V-X%Mf&?%K 

#\ 5 0 01C8fi©jarF^t4Nt jffXB^fC^Stt 

■e&zrctb, n 2 #x©##h:j«ib"t*#3„ 
[0092] s iMs& (2^tynm.^mm 

t> H f 0 2 K2 2 Afc^flrLfctClS, Hf0 2 SI2 2 

A*«(K-r«±Ea7aRttHf2S:tfo , e*ofco 

H f 0 2 H2 2 A£i43 x 1 0 19 ~4 x 1 0 20 [atois/c 
■ ] @S©Ci:, 5 X 1 0 20 ~4X 1 0 21 [atoms/cm 3 ] 
8*©Hk*Wi*tl"arfc. 30 
[0 0 9 3] *|C, H f 0 2 M2 2 AtSLtMl 
(J£CF> PDA (post deposition anneal) ) 3tfT& 

PDAti WAtf, mmmm^ic^n oo°c 

gfit'3 0»PltT&5o PDA*ff*5Ci:fc: 
iot, S i ONH2 1 BilHf 0 2 g|2 2 Afc©^ii 

mmc£.vzmit*m (a) ~ (d) *#jBuft^6 

WL<mffl?%<, Mi£(D&ote, PDA©^JSMt*5^ 
T«, 09 (a) fcaWJ:3fc» S i ONSI2 1 BRtf 
H f 0 2 St 2 2 A tt^tl^ftzMR^A/tfvao u C 
X\ PDA%nnt%t, 09 (b) £jSf<fc5fc:, S 40 

1 ONH2 1 BRtfH f 0 2 H2 2A© j en^ f n*^7j< 

*«<*3i5«rx4:LTS&«wfcj8arr*<sm, 09 (c) 

fcSR1\J:5fc, S i ONH2 1 BMH f 0 2 M2 2 A 

©*n^n©rt«Kffi?L (0tp©a^) *»jaT?** 0 

ZLTs 09 (d) fojRfcta^ cn6©S?L*^rL 
T^U3>»S2 0X{4S i ONSI2 1 BE^Stl** 
UaytfHfOi K2 2AtfifctSI5rrst^fc % HfO 

2 St2 2 AlCtSn«H f A^S i ONSI2 1 BtffCjtft 

•r^o ^©^m, 07 (c) t^-r^Mc ijws^tt 

©HSV^U3^##H f 0 2 H2 2 2>«£ft££:£; 50 
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UTSI2 1 ^fig^n^o LLf, 5"j3^ttHfO 
z it 2 214, Hf0 2 m2 2 Atfz/VxyvmWLKZ*) 

/sy 7St 2 1 ©nftw&fijsttii i <Dnn&m<D tsm 
vrmi i btra«-e*«o 

[0 0 9 4] ?ttt>%. PDAtCffSHf 0 2 SI2 2A 
Rtf S i ONSI2 1 Bfr£©?J<fg«t<fcoT^$£ft 

h f £ s i tcoftmmLitimtmmn 
o 0 c©t*. PDA©ae^7oo°c@je^K^-r§ 
c t (4, tmhkni^^kc LxmLmm^mc? % t 

RV, HfX(4S i<DWm*®%Kt%£^ 

o$D-a©^**fefc&-r 0 *■©«*, 1® 

©PDA^tf^^^t^ Hf0 2 M2 2AfcSl%a 

DaA,^«ssett©«v^y ny-g-^H f o 2 si 2 2 

fcftfcS i ONSI2 1 BKH f *BfDa^ 

•eits§**©ia^T^^yri!2 1 (h f ##s i on 

H) «oT> •>'j3>MHfO ! H2 

2 RXfTW'i U 7H 2 1 %#t?y- bffcilS? 2 5 (0 8 
(c) #flg) ^#^LT©^W^ttt>*#^#5i:« 
hlfeiSil 2 5 ^ftfc LT©Jt8l«*felS««t 

[0 0 9 5] $LK, >"JnyMH f 0 2 H2 2©gffi 
*«<a<t1-*CtKJ:oT, 08 (a) 
t % itWMSOlSl^S 2 0 n mgfi<D±8&*y 7ffil2 

3«e*r*. -r&t>-e^ ±«p/<yr«2 3i4, 

H 2 3 ©ft#W«:»^{4^ 1 ©HfiB^«©±JW/< y 

1 1 c tmwe&Zo 

[0 0 9 6] ^C, 08 (b) fcjS-TiSkU ±*/^J 
7«2 3©±K, y-h«St*5^y^yn>Ji2 4 

WBmmmo^^^-y mmm zm^ 
r, ^y^yn»i2 4, ±^y7ii2 3, ->'jny 

f 0. «2 2RtmR/^U7M2 1 fc^LTUGfc 
F^-fxy^y^fr^^o 08 (c) t 

^-r^^t, WJ7I2K J/yayftlHfOi 
SI 2 2 fttf±«*y 7« 2 3 ©«S«ig**f «y- h 
«6iJSl2 5^/rLT, 5/yn>S«2 0±tcy-bS@ 
2 6«Wo y-h»S2 6*VX^i: 

LT, S/U3>»R2 O^LT^^yaX^f^o 

7*jBja-rs. =p*E«i«2 7*©^M!i%* 
igtt<t*-e:*fe«), 9 5o°c@a©ragT-e3o#ra@ 

S©««Hl*ff«:5o W±{craLfcI@tC<fcoT, hi 

gh-ky- h mmmzmt % m i s smj^h h 5 y^x 
[0097] fiLhic8MaLfc<feaK, mzvmn&mic 

&%t, 5"J3>*R2 0±K:, 7k*^#tf h f 0 2 SI 
2 2 A*««tfe», H f 0 2 SI 2 2 AfC^LT««m 
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(PDA) *frfcoT##SB»Sl*\ *nfc«tD«« 
Ztl1t&JU&ftLXi'V3y%}{f0i H2 2AcfHCffi 
fSt*-&TS/Un>^WHf 0» «2 2 3»»|jW*o £© 
tctb. H f O2 JH2 2 A*ti"Ja>»»tSt 

y-g-^H f O2 M 2 2 ©«Bffl3Wtt?o Z<1X\ mi<o 

nffi&Mxm^rcZvK, z/v^y^nfOz $122 

36^ i/'j3V^Hf0i K2 2©*aS##SII^J*& 

u 3 ^#*h f 02 mz2 ims*?- btmm 2 5 , 
OTJ-et^o lot, high-ky-h^ffio^wgstt 

*±%<-?%CttfX%Z> a 

[0 0 9 8] »2<D2Sfl0$KK:<fc-&^ H f Oz 

it2 2A*«jfi-rs«Hi:, 5"J3>Si2 0±C, 
*^-tyS-iiN4«2 1 A*JgdWSo i& Si 3 N«M2 

1 Att, H f O2 WkZ 2 AfcJ&g-TSfctfcftffcSnT 20 

5 i 0NM2 1 BJ:*5o H f Oz K22A(C 
MLTPDA£ff&5£tfc:, SiONl2 1B£tS 
nS^'J^^H f Oz ^2 2 A#ldK®[2-t3:3o £ 

fc, s i 0NIH2 1 Btt^m^mm^. ^tttctD 
m^nrc^L^fthXH f o 2 I2 2ac^mh 

f *S i 0NI2 1 B*tet^S#«J:fcfc*t>Ta&* 
U7«2 l*«j8-r*o <I©fc#\ Hf0 2 H2 2A* 
K^UnySBilK^iHtSCfctfTftSo Hf 

02 H2 2AXtt'>'j3yd*Hf O2 I2 2t>")3 

/v;ri2iic, S"j3y^tHf0i Jl2 2£|i|CH 
f %"&3:#5££#T?#3f£:i&, ~F»/*U7J82 i<DJt 

[0 0 9 9] Sfc. Wi2<DWmW.fc&Z>t, Hf0 2 
M2 2AK»LTPDA*ffft5Xe^ $*-hWl2 

6 fcftStfUS/y 3VI82 4#»T3I*I£©P^c, 
j/'jnyMH f Oz Jg2 2©3&iS£3{tLT±»*y 
7l2 3«t§o C©fc#>» y-h*K2 6ft>©*f 
^^'jnyMHfO! H2 2fp©Wftt#?swc& 40 

S/ 'J 3 y#WH f 0 2 K 2 2 £: |S1 U H f C 
S fc#K ±S5/S U 7§l 2 3 OHflW**ffi < T? 

^mci o ry- 2 5 £f*©j:ti§«*£iiS 

[0 10 0] Sfc, Sg2©fiMifc:£3^ 
/»fc**2:*d«ry-^U WlWc c v Dffiic 

J;»5Hf 02 12 2 A£MT3fcJ6, Hf0 2 122 
[0 1 0 1] £CF> Hf 0 2 «2 2Afc2fLTPDA* 50 
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[o i 02] hi oh:, jKuaatctoTH f 02 m*^ 

JKgHLTt^OK*^ TDS (thermal desorption spe 
ctroscopy : BfflmfflQ St<totKtftlSI« 
TxLT^So HI Otfi^T, «l«l«MSSiS^^L 
Tfe D > ftttt& T D S ffit <fc o T»^*n7c**^X 
©X^£ Wl^Jg£/SLT^S<, BlO^tJ:^, 

mmm^mt> i 4oov.m&im?%£. s-f, Hfo 2 

sassa* 7 o orggtcji-rs^ h f o 2 nt> 
ns*i«t§o it«*©H f 02 aHc^snr 

fc?)flo*©£©J!&«yifc:<fc-3TH f O2 jftfr&ftttn 
EKltLfcTl^^fOfBa^fefctCS, 5. 6x1 
0 20 [molecules/cm 3 ] tV»5«VN|fijRjWI5nfc. * 

fcs bio ic^tmmc mmumtf 7 0 0 °c 
gg© i * wm^fomavm 

3„ SfoT, P DAOflSi LTti 7 0 0 XM&IMffi 
•efeDs CO* 5 Settlor, Hf 0; I 

t^snsiBHazi^feKii^'&TH f 02 

[0 10 3] Sfc, RfrHf y-XT**SHf-t-b 
u t o x i d e*EV\fcCVDfcfcfc:«fcD S i 3SS±H:^ 
^^nfcH f O2 M©"9-y7;l/tc^LT®«*^ti^i)P 
(#i§iig: l 0°C/^) «fi&v»ft««6, ^ v 
IStifftBTEM (transmission electron microscope) 
SfflV>TITfi»t>©H f O2 JHOgflJfc^-fOfcWSLfcfc 
£15, WT©^i:jWWK*nfeo -T^^^s MS (Hf 

02 K©tiwm) t«> s i a«©±t^ s i 

0<lOHfIf*W^II (SiON!2 1Bi 
MUS) 1ffi&r%£P&cWffim<D±K.S 

<ioHfi?^Hfo ! jf^#&-r§ 0 

M&%±ifX^< 6 2 0°C7b^6 8 5 0°C$T*©?S:fi 

ffliitefev^T, wssiiHfOz mtoMK, nmm& 

D t> S i SW>S:<IOH f O2 SJ: !> t>H f ifFtf 
6 0°C^S7r.-;l/*tf*o7ci:c:5, Hf0 2 Mt 

msMmmtommmm (^'jnyttH f o 2 ^22 
urns) (D&mmwmmiz, tmm& ©h f 0 
2 mtnMLxm<tt^fto t%t3*>, mmmmvm 
x.K&^xfmmiM'bu ; e©^^ wwrnttttsu 
f u y- hmmmm£W<Dimnmim < 

[0 10 4] ^ ji#©PDA©*a-, #?U3lfi^5 0 

t:/#gg^iav^±tt 7 0 o°c@fi©^asit©« 

Mnm% 3 0#ggfcj@^©T% MM©^»tl»fffiT 
EM(cj;?,#Sfp© ; e©^SfcJ±^LT, ^— 
^xyb (MMM) tfm#>X'h^\ C<Dfcib, PDA 
tcgHLfc S i W&<DmU& 1 n mfitTL^ec 5T, 
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3:7c, ffiM<DR ffijfii S ifttfHf©ffi5iMKcJ:D# 

ntfc»<ft«is», e^ftwffig (T^urji2 1 

/f £#&H f >"J ^r- h«W«Bi^f*aOJtR«**^5< 
ftSlSJU. «WWPBB^*OB0Ttt*HHc^*<a 

§o -rftfris, 7k**frt?H f y-xfcffi^fcc vds 

fc«fc«HfO« JSt©M^ higH^-h»»8©J&£ 
S*lr\ 3Wr©Hf y-X*ffll\fcCVD&K<fc9Hf 

nmmtnf o 2 jifc©iHT?ffiHSHRttK£/uag 
c: e>i\ ^©issn, h f o 2 m<Dm$>%m&<D$im, & 

[0105] 11 IS, Hf-t-butoxide^ 
fflW£CVD8:K:«fc?>«jSSft;fc. H£#t?Hf0 2 m 

0-3. 3nmOHf0 2 l««^Ioy- b»Ki: b 20 

tb®T-— 9 0 0 TU 9 5 0 "Cfttf 1 0 5 0 tT'fr 

r*^rcWiZ.wm*o v try- miev g^ftttnb 
fco si ncfev^T, $tw«:y-h®£ (vg) 

°C T*JR®!*fT ft o fc * ©§»©?»J£ffi%^ LT*5 

MSLTfeD^ Alt 1 0 5 O'C-eSWBMfcffftoifci: 
*©S*©JH£**jj5LTV5o 30 
[0106] II 1 <fc5fc:, H f - t -b u t o 
x i d e^SMStlft, H^Hf 0 2 «*ffll\fc 

m&it7=.-)vumz±ifrcm$izi3^x^ & 
stfcc-v*-y^bT*3t», a«WftMos*-v 

/^^fcLTBfcSSfifitt 1 0 5 OTCtbBcfcgbT 
V»S„ fftfc%, H^tSHfOz JgHC*V»Ttt, PD 
AKJ:a*jti»atK#oTHfRtfS i ©fflEffittffS 
*fc*C«tt*, KH f 0 2 M©*ffiiJtCt> S i 

##&-r § fcto. sR y *> y a hMffii br^ffl 

Lfci^K^Tt., HllCStJ:5t 4 1 0 50°C 40 
gg-efe^c^ftM14%^LTV^o 

[0107] mi 2 a % 7jc^%#*ftv^v-x, jiftw 

£{± % Hf-nitrato (Hf (NOO i) &fflV> 
feCVDjSlCfcDJ&aSftfc, Hfc^ftVHf Oi fit 

K^b-r, f^aamfc c - v m&nnit tcmm^tm. 
mthxmhx^Zo mwmat, y-vmmmt\.x 

Vnmmm3. 0-3. 3nm©Hf0 2 i^ffl^loy 
?gtt{frr3fc»©7:=.-/l>S9 0 0°C, 9 5 OVRtf 1 50 
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1 5 o "cr-fffto Tc®.fcW&M*. ovt bry- h*E 
vg^miiobfco mi 2\as^x, mm&f-hME 
(vg) ^iTfeD, mmz, Sl^LTV^. $ 
fc, B(i9 0 otTMI^fiSo rctf oSaoWS 
MSLTfc^ +(£9 5 0°Cf«a*tffto7c^* 
©^»©$J3£ffi£*bT*5D, Attl 1 5 0°c-e$M 
Srffft o 7c t: t ©^*©$te«£^bT^3 0 

[0 1 0 8] mi 2 £7j^-<fc H f-n i t r a t 
oft»&#J**ftfc, H*£*ftVH f Oz KfcfljVfc* 

£\ aaswaMos*-v/^^fcbT»i{.^siBfi«9 
o o rgs$-??t?fe§o m 1 1 RtfH 1 2 tcjg?r*s*6 

m&mm&iz 1 o 5 o°cm&&Jtx&%-j5, 

9 0 0Vm&X2c>% 0 -Tftfc-Bs H*^t?Hf0 2 §l£ 

m^fcm^(om\ mtft&m&mMMKis^x 1 5 0 

[0 10 9]mi3tt, S ilSS/S 1 NM/Hf 0 2 

«/3i?y 3»s©ajMBi*wrsMo s*-ir^> 

^(Cfet/^T, H^t?Hf0 2 MRtfHS^Sft^H f 

0 2 jgt^^n^nffl^^feiB^fiDjijiwa^ttifeitiSEbfcifi 

y-fMctthx, gmnmfs&x9 0o°cfr*> 1 1 50 
°c $ T?©afi©jgttftr-~;i/* 3 0 ®mn ft o fc» 

fc, 0 V bT- 1 . 0 V ©y- h*JE 

(Vc ) *0i*obry-^*jtjc ©ai^ffftofco 

$fc, H^t?Hf 0 2 ISHf-t-bu t ox i d 
efrt>&f£2tirct><DX&t), H^^HfOz H 

ttH*^sft^y-x^6^jss*nfet»©"e**o mi 

mutt. v-?nmu twuw*. ♦bh* 
•g-*ftt/>y-x^fflv^fc^©y-^*^j c ©sijs# 

*3^bTfeD, DttHf-t-but ox i de» 
fcl§^©y-*«ifcjc ©Steffi©«teffi^bT^ 

[0 1 1 0] mi 3(c^TJ:9k:« Hf-t-bu t o 
x i d e3t»»5»**tlfc» H£#t?H f 0 2 M^fflV^fc 

«^ttt, mmt7--frmt*±tfrz®&x t y-^ 
*^jc ©Jttdottfi 1 tff©*Kimiwsnfco ^ntsb 

OS D H%#t?H f 0 2 «*ffl^"»fc«^iJt^T 1 0 0 

K*fflv»fc«^ctt, H%#$ft^H f o 2 mzm^tc 
m&h&^xxmzmm* looo^oi sswt t 

[0111] J/'Jnyiiit, H%-&«yHf 0 

2 KRt?H%^sft^Hf 02 ^©^-n^eti^isibtisi 

019 (3nm) •eitabfc^C, Hi5»*^tf*H f 
0 2 M©E0T%aitebfci:il5, H^&HfOz m 
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0 2 m^imhfcm^t 1 . 6 nrnXfr-itce OS o^ 

#$&^h f o 2 wiZimLKW&<Dimnm£ k> 

1. 4 6jgSfro/co CWi, H£#t?Hf0 2 H%tt 
^Lfc^s l?ffi)l£Hf 0 2 ^(DH-eS iRtfHf© 

#ssa$#©iti§m**^ < {gM-r § c t fcfco 
[01123 sft, ~>>;3yssLWc, H^#tf«? io 

3. 5nmCDHf0 2 H£ffi?j£Wc^ g£H f Oz jglc 

MtTPDAsaa (soot, 3o#ra) *ff«:v\ 

<D&, Mg K a^fflt/^fcX P S (X-ray photoelectro 
n spectroscopy) ©CtOH f Oz H<D^MIJfr 5 S 
K O&tfHf «£bfc£3, PDA®ati©HfO 
2 ^Offi^±, Hf^O. 6 0, SiA^O. 4 9, Oifi 

2. ot^«f$nfco xp smK&mifeK&rci 

^fcJ^T, ^tti^^2~3nm@jSKS^Lfco M 20 

5 i *^ffii£< S^MftbT^Tt/^c: mimLTco 
[0 1 1 3] 01 4«, MOS+^/^^Offi^ffe 

§Hfo 2 m (ym^w icMhr? v MzfiKorcM 
&KWf%, nfOz mj&mmmomwmmt, mos 

mfomztes cvD&tciOH^tyHf o z n^^i 

Lfc^s MH f 0 2 jjtfcftLT, EE*»6 0 0 0 0 P a 
(4 5 0 t o r r) <D&t3ffi&P~e8 0 0°C, 3 0# 
B©PDA*ff«:V\ fOt, y-MtSfcfcSsflUS' 30 

-Y*>aX*ff«:ofe», JE*« 1 1 0 0 0 0 P a (7 

6 0 t o r r) £DSfSf?B5W?9 0 0°C, 3 0»lffl© 

fSSttfl:r--/i/*tfftv\ *■©£* SSWfcovfci/r 

-1. 0 V©y-h*JEE (Vc ) *9JinbTU-^«« 

jc ©ais*ffa:ofco i& Hfo 2 hakes©^ 

nfefe©t?fe*o £fo Jttfc©fc#, H f 0 2 HfclMb 
T P D A *ff a ? iWtfBKt L JfcM O S / <5/*©"9- 

Hf0 2 M^Ef^tiaMIS^s 40 
MO S^/^^^ftOU-^MaEkOBMR*!^ 

[0 1 1 4] 01 4t^-T«J:5fcx PDAfcfrftofc* 
£©£2>\ PDA*fT&fe&V^i:Jt^TU-*W« 
Jc */h*<Wffl!n*#TV^So Etltt, PDAfc«fcoT 

h f o 2 awt s i #K»-rsig*, sttft7--;bfc 
j;oth f o 2 fflbweafb-rsc t*i«ji:T?#*fei6, 

£j*f*©MO S+^S'^fcfeVTH f 0 2 M©*a5^ 
JWWe*fcfcOfc#*6*l*. Sfc> Si^#HfQ 2 50 
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ii^nfci:^x.e.n5o 01 ak^tzoi^ p 

tt, HfO. H<D®SMj**Vh$<^§{5HH#(c^n 
TVS. JK±©«i£*^ y-h«H«8i:fc*HIi** 
H£ifi»bfd£s y-h«SO«j«Wt, ffiKMIilc 
MLT P D A h • xsHS^ a > • 7-->W fcff 

co 1 1 53 m2<Dmm®£i8vx, f-hnm 

2 6 t LX# V 5/ U 3 y« 2 4 SfflVfett, Cftfcft* 

o 2 ^2 2©Sis*a{tbfe«. y-h««2 6tas 

T i NURtfA lit*X/W*U>^fc<fcDlg3fc*K 
LTtxt^o rtif^tt, J/'ja^HfOi 81 2 2 OS 
ffi^fbbfc^ y-h*H2 6 i:*^T aH^ti^b 
Tfe^Vo BKVttx f'Ja^fHfOi H22<£)gffi 
«*{tr*Ctft<, TiN«XttTaNiW**HIL 
Tt>«fcV. C©«^-, T i N«X«T aNMSSfcS iX 

2 6 fc brftWl*ffl^*«^, »®«^ * 
SfCl^M (PMA :Post Metalization Anneal) 

ffiK'TSC&tf'e&S. c©*5lc»J*«ti?fcMOSII 

W^SliXrU^OWiWWMBBSnSo Sfc> PM 
A©jae(4 7 0 01CW±««^»1*»*o *6fc, 

WfStfXftnM 5 o°c s 3 04MKBR©7--;i/*ff 

co i i 6] m2(€>rnmmmic^r, y-ne 

fc*\ iiniCfUt, Z r 0 2 , T i 0 2 > T a 2 0 5> 
La 2 0 Sl Ce0 2 » A 1 2 0 3 , XtiBST 

V\ *V»tt, Hfx A l»Oa (tlx>0lOy>0) 

fc* 9 r^mmtmK s i n^^snfc^s^ u ^~ 

tt> aK**^©±i^^-e©ffi^X{i*^«^^W^ 

CO 1 1 7] »2«^aBattC*V»T, ?S»Hf 

V-Xy^-tfSSHf-t-bu toxide^ 
ffit^fcCVDrifC^H f o 2 mzzhttW&Lfcfts 

^<>Ai:%#tyffi©H f y-x^U*— 9-s W*Bfh 

^^X^xf/V/S F/N7r.^i, (TDE AH : Tetrak 
is diethylamido hafnium ^ Cis H« Ni H f ) % t h 
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53PXv^^-;Vr5//V7^A (TDM AH : Tetrak 
is dimethylamino hafnium C« Ha, Hf O4) > XM: 

(Hf (MMP) 4 : Tetrakis l-Methoxy-2-methl-2-p 
ropoxy hafnium Hf [OC (C Hs) 2 C H 2 O C Hs] 

H f y— X7!J *— 9", 0!l*.fc£H f - n i t r a t o 

(Hf (NOO 4) #as%^t?y-x#x, 
^jifXtSI^ftC V DSKi 0 H f Oi K&JBjSL 
TtiK lEWi, X-*v*ffi^©PVD (physical v 10 
apor deposition ) jSSffl^SW&Ktt, im^tM 

x«, irmi (h f o 2 m> ^tcTkm^wmicm 
[0118] sfc, mvmmmKts^x, h f o 2 

g|2 2 AXti S i 3 N4H2 1 Afcffi£©WK (2?U&8 20 

tt, 6 0 0~8 5 O'CSSOSfi-^H f Oz ®£2 2 AX 
as i 3 N4)l2 1 A#&#XfcLTB»LflX>Cftfc<fc 

*>&f8.2tirtmj£fthXH f x&s i ©«»*fl«sn? 

ffSt©-e*tltf«fcV» 0 Sfc, Hf0 2 «2 2ARtfS 
i.N<0|2 1 ACDZftZftK^&ftZ&iU&timVantf 
MftoTlr>T4><fcl/\, 
CO 1 1 91 Sfc »2©£fl0&8K:*lVT, 30 

«R2oe»lt, ^fS^tytfx^-es^ftx&y^ 

X-?mVg*ft%:o C fcfc«k & S i,N ( l21 AOS?) 
TW/^y7il2 l*J&J*l/Ct><fcV\, <W"»tt» S i 3 N< 
J8I2 1 A^ffMf 3££ft<U Hf0 2 K2 2AO^ 
ttlC3"J 3>i«2 0©Sffi% N 2 OA*X^ffl^Tlft 
-r^d^tcj;^ S i ONSI2 1 B^tSMLTti 
\i\ H f O2 H2 2 A©£»J&S©*]8Jfc3lR 

£#t?2fx*$A'f3£:i:fc:<fcoT, TgP^UT^2 1 
£ &«Sil^offiWt#t6ai*'> u ^ y»« 2 0 ± 
fcl«»Pj«l/TfeJ:^. 40 
[0 12 0] %2<DnMBMl03^X. S"J=iy 
#WHf 0 2 Bt2 2fc**LT> ^*3t?:tfX(t>"i?*S5 
{fcXtt^X^SMSSfcfT* 5 C £ K «fc D ±S&* U Tit 
2 3^MUfe<t^, *V»tt^ y-!-*S2 6£&3 

fcfc«fcoT, i/UnyMHfO, Bt2 2©*iB*Sfl: 
LT±^Urflt2 3^J«LTt»«t^o Hf 

fAnc^iaot, Hf0 2 ^2 2A©*ffifflJK, 

±a&*y rm 2 3 t ft 3 mm^vmmnttsmf&mt 50 
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$LTfe<fc</\> 

[0 12 1] Sfc, ^2©^)ISMC43^T, Hf Ch 
»2 2 At«bTPDA*ffftoTS/U3>*&H f 0 
• «2 2*»*bfc«» ->'Jny#WHf0 2 ®|2 2© 
gffi%gfbLT±5f5/^JTM2 3*»iSbfc3W. CttE 

fwt\ Hfo 2 «2 2A©*iB*a<bLT±af^yr 

M2 3*0^Lfcm> Hf0 2 St 2 2 AfcftLTPDA 
^frftoTv-yay^Hf O2 H2 2»£LT ) £><fc 

[0122] $fc, »2©*j»g||k:*V''T % TSP^y 

7I2K S/ija^fiiHfOi K2 2Rtf±**y7 

§12 3 ©iiii^iim bt^tt iv\ 

[0 12 3] S2©*fiB5JBlC*V^ 07 

(b) KTn-tXUK&^X, S"S\ MfcLfcH f - t - 

b u t o x i d e*©v— x*^y^— rtteiMO ca, 

fc^s SJftjffXfc^iry/S-rtfcflB&U *©8K ^ 

y/^-ft©iae^S^6»#fiLT3 0 0-5 0 o°c@ 
t-r 3 *u ffiSTT-y y 3 >a« 2 0 ±k h f 

tf^> Cfcj^T?**^ Hf0 2 J12 2A 
*^-K»lS7f#So Sfe. y-X^fX©«*&*H!ft&L 
Tfr5Hf0 2 ©*SllJ«ft3WecS*T?©-f>*a^- 
S/ay«plH«JS<T»fr*o Hf0 2 M22At 

j/yn>»R2 0i:©lHUc»ja*nsi!ili« (S i ON 
H2 1 B) **<-f«ci:#T?*So 
[0 12 4] $fc, »2©*fl0g«{KfeV'»T, H7 

( c ) K^-riS^fflv^tiS PDA £43 tfSiiMS 
SB6 0 0 V&±B."D 8 5 0 C b 
v 0 c©<fe5tcrsi:^ Hf0 2 M2 2A**5***» 
mcSmt^Z. tifiT*^ WtioTHfOi ^2 
2 AtfUOU 3>*a^te*Stt**«c:i:tfTf**o 

[0125] Sfc, S20*»llc6^T, S/yny 

##Hf0 2 H2 2©ffi^Hf,S iyO (ffiLx>0 

io y >o) £mm?z£nK.mm.7°vttX'<DmMU 

m*T ra iaiBLfttt^ T^6. 6 9 • y/ 
(x + y) +7 4 9. 4T*feSCi:*W$U\ ^©i 

5K-rst, ^yn^^Hf Oz M22**"r«y- 

M6ltBl2 5 ©iiWS^tt^St^^^^ ttfXZZo 

y- h«® 2 6 jb^> u 3 >*#€rtm * d ft 5^ 

T^6. 6 9 • y/ (x + y) +7 4 9. 4M 
Oy/ (x+y) <0. 3 OT^CiWStK C 

©.fcd^f^^^ ^'Jn^ttHfOi H22**fs 

[0 12 6] 

[^©s&s] if-mm&%>t. mm-fu-t^<Dmu 

SfflWIl©*a55h6i t r ; e;V7 r x««»cfilfe 

n^o c©fci6, high-ky- h tmm\c «; - 



27 



C 3 C fc ^fflWlT * S OT\ high-k^- h^e^O^W 
ffi0T*&£o 

[02] Hf 0 2 KSftrTSS HfCh <om& 
fc % J»W£Stt£«m?# 5 H f $/ U h C«©fF 

[H4] HfOz jwdsaiirrss imts Hfo 2 
[05] Hfo 2 mic'mutz s i mt. Hfo 2 
[06] Hfo 2 micma?% s i at, Hfo 2 

[07] (a) ~ (c) tt#^©»2<Ogfl0Bllifc« 

[08] (a) ~ (c) &*mi<Dm2<Dnffi&mc0k 

[09] (a) ~ (d) 8*f2W©Sli2©ISS»BJBK& 

s*tgfl«B©«jeE&ftK*w-s p d Aoftussttmrr 

Sfc*cD0-efe5o 

[01 0] HffltioTHf 0 2 §|jb>5BaiLTV< 
*iR*. T D S ffitC«fcoTai£UfclS***f HT»* 

[011] *%B^(T)^2©^SI^t^§¥**gS© 
HJft&ifcJCtettSH f-t-butoxide fcffi^fc 
CVD&lCiOJ&SSnfc, Hfc^OHfQ. MfcftL 

t, ijiitt c - vaij^ff rcm%Jkw.-tmTt& 

-So 



i© 



K© 



© 
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* [012] J£8^fcLT7j<jii£^8:ft^V-X£ffl^fc 

cvDi*k:«tD«ja*nfc, H*^**^HfOi jut 

»LT, JIR®l«KC-Vil!IS*ffa:ofte***-rH 
[013] Si &K/S i NM/H f 0 2 Ht/tfU 
H**UHf Oi K (*^©^2©HiSa»«l) RtfH 

«r$av^H f o 2 m omm) ^n^enm^m^ 

©J»A^tt*J±«Lfc*S**^?W&*o 
10 [01 4] M0S**>^>#©i£&iiyi-e&3Hf 0 2 H 
(cMLT, iJ^wSIZOSat^ffifcfcS^NIttSlI© 
«J£)?ffi©PDA*fTJ8:ofc«^K:*tt5, HfOi I 

f&mmmvvswmmt, Mos4^/^£^$m©u- 

1 0 

1 1 

1 1 a 
1 1 b 

20 11c 
1 2 

1 3 

2 0 
2 1 A 
2 1 B 
2 1 
2 2 A 
2 2 
2 3 

30 2 4 
2 5 
2 6 
K 2 7 
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=6.69X1+749.4 
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Xt=(SiaWE/(Sia*+Hf»flE)) * 100K1 
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4$HJ2 0 0 3-8 0 1 1 
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[04] 

Xi=(Sia&/(Si*&+Hf*&)) x100E%3 

100 80 60 40 20 0 
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x*= wmm/ (Hf M+ss mm ) xioo[%] 
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xi=(SiM/cs!*£-»w»a>) xioora 

80 60 40 20 




20 40 60 80 

X2=(Hfi»af/cHfaia+si3i«) xiooc%] 
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xi=(Siau»/(Si»«+Hf»*» xioo[*] 




Eox(real)*r # * 
E0T=1.5n» 
=F&*NlOOppm 
HQSW0H). ten 2 
&3E=100°C 



0 50 60 70 80 90 100 

xz= mm&u mmm+s i mm > x i oo [%j 



\ZZZ1 

S3 



(17) 



2003-801 1 



[07] CE8] 




[010] 




1200 



(18) 



Ml 2 0 0 3-8 0 1 1 
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